Changes in sedentary behaviours and physical activity according to retirement status need to be better defined. Retirement is a critical life period that may influence a number of health behaviours. We assessed past-year sedentary behaviours (television, computer and reading time during leisure, occupational and domestic sitting time, in h/week) and physical activity (leisure, occupational and domestic, in h/week) over 6 years (2000-2001 and 2007) 
Background
According to the World Health Organization, the number of people 60 years of age or older worldwide will grow from 600 million to 2 billion by 2050. A large range of determinants (sociological, medical and technological) alter the habits and the behaviours of active and retired populations. The transition to retirement is considered as a major life event in terms of financial as well as behavioural modification, including important changes in sedentary and physical activity behaviours [1] .
There is growing interest in sedentary behaviour and related health outcomes in adults [2] . Sedentary behaviour refers to any waking behaviour characterised by an energy expenditure #1. 5 METs while in a sitting or reclining posture [3] (a MET or Metabolic Equivalent Task is the ratio of the working metabolic rate of an activity divided by the resting metabolic rate [4] ). This includes sitting and watching television (TV), along with other forms of screen-based entertainment [5] . Recently, sedentary behaviour was shown to be associated with increased risk of type 2 diabetes [6, 7] , cardiovascular disease [6, 7] , metabolic syndrome [8] and all-cause mortality [6, 9] , independent of habitual physical activity levels. The transition to retirement has been associated with an increase in TV viewing time in only three previous reports [10] [11] [12] , but there is no evidence for the influence on other sedentary behaviours, such as computer time, reading time or overall sitting time.
In addition to the recognised health benefits of physical activity at all ages, recent studies point to particularly favourable effects in aging subjects. In elderly populations, physical activity was recently shown to be inversely associated with risk of mortality [13] , dementia [14] , some types of cancer [15] , and depression [16] . However, most previous studies have focused on leisure-time physical activity [12, [17] [18] [19] [20] [21] and only few studies have taken into account domestic and occupational physical activity [20, 21] .
In a recent systematic review, half of the included studies reported a negative association between physical activity and TV time, no relation was found with computer time, and there was no mention of reading time [22] . Incongruity across study results could reflect differences in methodology as well as in sociodemographic indicators. Considering the protective effect on health of physical activity and the potentially harmful effects of sedentary behaviour [23] , defining at-risk populations or stages of life where physical activity and specific sedentary behaviours are related could help fine-tune public health policies targeting both exposures simultaneously. At present, the relationships between sedentary behaviour and physical activity in aging populations remain poorly documented, not permitting the assessment of the association before, during and after retirement [22] .
The objectives of the present study, which used a longitudinal design in a sample of middle-aged French adults, were 1) to describe the 6-year changes in different types of sedentary behaviours and different domains of physical activity according to retirement status, and 2) to investigate the relationships between changes in sedentary behaviours and changes in physical activity according to retirement status.
Methods

Ethics statement
Subjects provided written informed consent to the study which was conducted according to guidelines laid down in the Declaration of Helsinki and was approved by the Ethics Committee for Studies with Human Subjects at Paris-Cochin Hospital (CCPPRB nu 706 and nu 2364, respectively) and the Commission Nationale de l'Informatique et des Libertés (CNIL nu 334641 and nu 907094, respectively).
Subjects
Subjects were participants in the ''Supplémentation en VItamines et Minéraux AntioXydants'' (SU.VI.MAX) cohort. The design, methods and rationale of the SU.VI.MAX study have been described elsewhere [24] . It was initially designed as a randomised, double-blind, placebo-controlled primary prevention trial to test the efficacy of daily supplementation with antioxidant vitamins and minerals at nutritional doses in reducing the incidence of ischaemic heart disease, cancer and overall mortality [25] . Following a 5-month national multimedia campaign that included TV, radio and newspapers, volunteer subjects, not selected for any specific risk factors, were included in 1994-1995 for a planned follow-up of 8 years (men: 45-60 y, women: 35-60 y). Each subject underwent a yearly visit alternating between a clinical examination and biological sampling. From the full SU.VI.MAX cohort (N = 12,741), a total of 6,850 subjects who had agreed to participate in a post-supplementation observational follow-up were recruited for the SU.VI.MAX 2 study (2007) (2008) (2009) ).
Physical activity and sedentary behaviours
Physical activity and sedentary behaviours were assessed in 2001 and 2007 using a French self-administered version [26] of the Modifiable Activity Questionnaire (MAQ) [27] . This instrument assesses past 12-month physical activity in various domains of everyday life. Physical activity assessment using the MAQ has been validated against energy expenditure measurements using the double-labelled water technique, and the test-retest properties of the questionnaire have been shown [28] . The questionnaire has been described in detail elsewhere [27] . Briefly, subjects were asked to report all leisure-time physical activity performed at least 10 times for 10 min per session over the past 12 months. Detailed information was collected concerning the type of leisure-time activity (walking, cycling, swimming, gardening, etc.). The frequency and duration of each activity was reported. Leisuretime activities were classified according to their intensity, based on their estimated metabolic cost, as moderate (3-6 METs) and Table 2 . Sedentary behaviours and physical activity at baseline (2001) and changes during 6-year follow-up. vigorous (.6 METs) activity. Thus, physical activity variables used in the analyses included moderate and vigorous leisure-time physical activity, selected physical activities (e.g. walking, gardening, etc.), and the sum of the overall time spent in leisure-time physical activity. The questionnaire included items about the time usually spent (in hours and minutes per day) at home watching TV/video, using a computer or playing video games, or reading for leisure. Time spent in each leisure sedentary occupation and the sum of all time periods spent in these leisure sedentary occupations were used in the analyses.
Assessment of occupational physical activity was based on the number of hours during which an individual participated in physically demanding activities during an average work day, for each job held over the past year. Occupational sedentary behaviour was based on the number of hours sitting during an average work day, for each job held over the past year. The original version of the MAQ only explored physical activity during leisure-time and at work. To also take into account physical activity unrelated to occupation or leisure, subjects were separately asked to report any domestic physical activity which included activities related to housekeeping, use of active transportation to run errands, etc. that had been performed at least 10 times for 10 min each session over the past 12 months. These questions were asked in the same format as in the occupational section of the questionnaire, including sitting. Continuous variables were summarized by calculating the mean 6 standard deviation (SD). We used one-way ANOVA to assess differences in continuous variables across retirement groups, with a Bonferroni correction applied for multiple comparisons. T-tests were used to assess post-hoc differences between retirement groups and to assess changes in the continuous variables during follow-up. We used chi-square tests to assess differences in categorical variables across retirement groups. Associations between changes in sedentary behaviours and changes in physical activity according to retirement status evolution between 2001 and 2007 were assessed using a multivariate generalised linear model. Covariates included sex, age in 2001, educational level, smoking status and occupational physical activity at baseline when appropriate. For all analyses, the significance level was set at 0.05 and all tests were two-sided. All statistical analyses were performed using SAS software (version 9.3, SAS Institute Inc., Cary, NC, USA). 
Sociodemographic covariables
Results
Comparisons between subjects included and not included in the analyses
Among subjects initially included in the SU.VI.MAX study, we focused the present analyses on subjects with available data from the physical activity questionnaires both in 2001 and 2007 (n = 3,458 subjects available), aged 45 years or older at entry into the study (in order to have a similar age range in both genders) (n = 3,006 subjects). In addition, subjects who reported being confined to bed more than 4 weeks in the pastyear before completing the questionnaires were excluded (n = 165), thus obtaining a final sample of n = 2,841 (1,453 men and 1,388 women).
Compared to subjects examined in 2007 (SU.VI.MAX 2 study) but not included in the present analyses, our study population comprised more men (51.1 vs. 36.2%, p,0.001), more subjects with a university education level (42.9 vs. 39.5%, p,0.001), and they had a lower mean BMI (24. Baseline characteristics of the study population (Table 1) . At baseline, subjects retired in 2001 and 2007 had higher total levels of leisure-time sedentary behaviour, spent more time watching TV and reading, and spent twice the time in overall leisure-time physical activity (Table 2 ) compared to other two groups. These subjects also engaged in twice as much walking and gardening. Table 2) .
Six-year changes in sedentary behaviours and physical activity
The associations of retirement with sedentary behaviours and physical activity shown in Table 2 are consistent with models adjusted for age, sex, educational level, smoking status, and initial sedentary and physical activity behaviour levels (data shown in Table S1 ).
Associations between changes in sedentary behaviour and changes in physical activity
In subjects not retired in 2001 and 2007, changes in time spent TV viewing were positively related to changes in occupational physical activity (p = 0.04) ( Table 3 ). In the same group, changes in time spent in total and moderate-intensity leisure-time physical activity was negatively associated with changes in time spent watching TV (p = 0.02 and p = 0.02 respectively). No association was found for subjects retired between 2001 and 2007 or for subjects retired in 2001 and 2007 (data not shown).
Discussion
In this study in French subjects, we studied the 6-year changes in different types of sedentary behaviour and different domains of physical activity according to retirement status, and we investigated the relationships between changes in sedentary behaviours and changes in physical activity according to retirement status. All subjects increased their sedentary behaviour during follow-up, but those retired between 2001 and 2007 showed the greatest changes. They also had the greatest increase in time spent in leisure-time physical activity. Subjects retired in 2001 and 2007 were those who spent the most time in sedentary behaviour, leisure-time physical activity and domestic leisure-time physical activity. Finally, leisure-time physical activity was inversely associated with time spent TV viewing in subjects not retired in 2001 and 2007. These findings extend those of our previous report documenting changes in sedentary behaviour and physical activity over three years in subjects from the same population [12] .
In subjects retired between 2001 and 2007, it was noticeable that the mean increase in total sedentary behaviour was about three times higher (+8.4 h/week) than the mean increase in leisure-time physical activity (+2.5 h/week). The greatest change in sedentary behaviour during leisure-time was for computer use compared to reading and TV viewing. This behavioural change appears in line with the rapidly expanding use of computers and the Internet across different population groups including aging subjects, during these same years (2001) (2002) (2003) (2004) (2005) (2006) (2007) [29] . It underscores the importance of assessing different dimensions of sedentary behaviours and not only TV viewing, known to increase through retirement [11, 12] .
In addition to sedentary behaviours, this study is one of the few that performed a detailed assessment of changes in different types of leisure-time physical activities in subjects transitioning to retirement [10] . In our subjects, the increase in moderate-intensity activity (such as walking and gardening) accounted on average for about two thirds of the increase in total leisure-time physical activity. This is in agreement with results from previous studies where transition to retirement was associated with an increased sports participation [11] , with increased total leisure-time physical activity score [10, 18] and with an increased proportion of subjects meeting physical activity recommendations [17] .
There are several potential explanations for the increase in leisure-time physical activity with retirement. First, retirement leads to a decrease in time constraints possibly corresponding to more free-time available. Second, individuals likely become increasingly health-conscious in the context of aging, which could increase motivation to engage in more recreational physical activity. Finally, increased leisure-time physical activity after retirement may provide a new daily routine and new opportunities for social interactions [30] .
For subjects not retired in 2001 and 2007 the changes in time spent watching TV during leisure-time were differentially associated with changes in time spent being active at work (positive association) and time spent being active during leisure (negative association). The positive association with changes in active occupational time may intuitively be interpreted as compensatory behaviour and the need for rest outside work. The negative association with changes in active leisure-time might reflect choices made in terms of budget time in this working population. Although there is no previous study reporting such associations in a longitudinal design, negative cross-sectional associations were shown between TV time and leisure-time physical activity [31, 32] . The lack of significant results for subjects retired between 2001 and 2007 and those retired in 2001 and 2007 can be interpreted as subjects having more availability after retirement and consequently not to make choices between leisure-time sedentary behaviour and physical activity.
Some limitations of this study need to be mentioned. First, measurements of physical activity and sedentary behaviours were derived from self-reporting, which can cause misclassification bias mostly because of over-reporting of physical activity [33] . However, there is no reason to expect that retirement status would have repercussions on that misclassification. In addition, the applicability of the MAQ to older subjects may be discussed. Regarding reliability, in the first description of the MAQ by Kriska et al. [27] , 1-3 week test-retest correlations for past-year leisuretime physical activity were found to be of about the same magnitude in the older compared to the younger adult subjects (37-59 y, rho = 0.88 and 21-36 y, rho = 0.92, respectively). Second, we had information about the employment status (retired or not) at the time of data collection (2001 and 2007) but the actual date of retirement amongst these subjects and the reasons for retirement were not available. A possible selection bias could occur if some participants had retired earlier because of poor health, which might have negatively impacted their physical activity. To prevent, at least in part this limitation, subjects who reported being confined to bed more than 4 weeks in the past year before completing the questionnaires were excluded from the analyses. In addition, smoking habits were self-reported two years before the first wave of physical activity assessment, leading to a potential misclassification bias regarding subjects who had quit smoking between the two assessment periods. Third, despite the retirement age in our population (58-64 y) being consistent with the retirement age in France at the time of the study, our subjects were volunteers participating in a nutritional intervention study. Therefore, they generally had a higher educational levels and occupational status, along with a healthier lifestyle than the general population [25] . For these reasons extrapolation of these findings must be done cautiously.
Conclusions
In subjects transitioning to retirement, both sedentary behaviour and physical activity during leisure-time increased substantially over the 6-year follow-up period. However, the mean increase in sedentary behaviour during leisure-time was about three times higher than the mean increase in leisure-time physical activity, with the greatest change seen in computer use compared to reading and TV viewing. This may be of serious concern considering the growing evidence of the deleterious health effects of sedentary behaviours. This emphasizes the need to test interventions and to reinforce public health measures aimed at decreasing sedentary behaviours and increasing regular physical activity during the critical retirement period. 
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